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A NEUTRON COUNTER FOR SMALL SAMPLES®

J. K. Sprinkle Jr., H. O. Menlove, M. ¢ Miller, P.A. Russo, C. L. Jorgensen
Los Alamos National Laboritory, Los Alamos, New Mexico

Abstrict

The Inventory Sample Counter Model 1V is the most
recent neutron coincidence counter specifically designed o
measure small samples. We used a combination of mea-
surement experience ana Monte Carlo modeling to design a
neutron counter that can provide measurement results with
an accuracy of 0.5% or better. Some applications incorporate
a high-resolution detector into the neutron counter. This
allows the simultaneous measurement of the plutoniuri iso-
topics using thePassive gamma-ray emission and the mea-
surement of the “40Py effective mass using the passive neu-
tron emission, The two results are then combined to yizld the
plutonium miss.

L Inuroduction

The Invenrory Sample Counter (INVS) was developed to
assay small plutonium samples by passive neutron coinci-
dence counting. Smiall samples typically have little induced
multiplication, Theretore, the comeidence neasuremene. are
tess sensitive (0 (i, n) impwmities in the samples,
Consequently, the INVS has the capacity to provide mea-
surements with less hias than is sometimes observed in neu-
tron measurements of large samples.

Use of INVS by the Intemational Atomic Energy Agency
(IAEA) throughont the world has demonstrated the practical
ity of the measurement concept and defined criteria that
puided the improvement of the measurement concepr. The
counter has been upgraded three tmes /1,2,3/ this s the
tourth version of the harrtware. We have incorporated our
cxpenience with the tirst three versions into the upgrades and
have used the Los Alimos transport cade MONP /4 w0 guide
the design nnprovements,

2. Design Opuruization

MONP was used o simulate the INVS counter for the
design optinuzanon, Charactenisnes such as ‘He detector
length, placement, and numier; carbon retlectons, cadonmum
liners, the comstruction marerials, and the overall dimensions
wete studied with the compuier nexdel, The 1nVS Maodel 1V
design

« nereased the nentton detecnon etlicieney,

< decrcased the tesponse varation with sample post
tion, and

o crvited astandard hardware module that interfaces
castly o vanety of applications, inchiding

(1) the madinonal, pottable, stand adone nuxlde,

(M pernanent wistatlation conpled wa glove box,
and

CH coupling toa hipgh tesolunon pamon tay detec
wor I susaltaneous Botopie measatenieng

For simuoltineouws netgon and pamns iy measutement,
we ined MONE o nsdel the etleers of apetmanum deiecton
insude the sample cavity. We developed specihications tor a

*Work supported byahie US Depantient of Foeapgy, Ottiee
ot Atms Conttol and Nonprolhiterition, Tmemational
Safepands Divesaon

germanium detector with the minimum effect on the passive
ncutron measurement. The germanium detector end cap has a
reduced diameter (3.8 cm), and is 15 cm long. High-density
polyethylene is placed behind the germanium crysual inside
the vacuum canister to maintain optimum moderanon for
ncutron detection in the INVS.

3. HARDWARE

Figure 1 shows the INVS Maodel IV, with the germa-
nium detector inserted in the bottom end cap, ready tor
simultancous measurements. ‘The operator is loading » sam-
ple into the swnple holder. The sample holder is inseried o
the INVS Model IV through the top of the counter. Figure 2
is a cross section view of the INVS Maodel 1V without the
germanium detector Table | lists technical specificanons tor
the neutron detection hardware,

As seen in Fig. 2, the I8 proporiional counters are
arranged in 2 rings of 9 detectors each. The mner ring s
located ata radius of 7.2 em centered on the sample. The
outer ning is locazd at a radius of 10.6 cm centered on the
sample. Three AMIPTEK preamplifiers /2/ are used {or the
two rings of ‘He proportional counters. The proportional
counter clectronies are adjusted differently from the settings

Fig. 1o Dhe combined amadl cample acan voaem e clecpe
wre tn the o kervousd belind the e The INUS Mool U 0 1en
aborve the covonadt for the germamim detector e wver v ionidine

vl samipde ingo the sampde holder (o meavad emiend
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Fig. 2. Cross-section
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Table J. Performance

otals Efficiency 143.5%
c-Away 1ime 54 s
adume Coefiicients a=1.15ps
L Amptek channels)  [b = (.575 ps?
Axial Flat Region? ITem
(7 ¢cm with Ge detector in place)

dReals response deviation of + 1% or less.

Table 1. Technica) Specitications for INVS Model 1V

Weight 0 ky

Diameter 3.8 ¢cm
cngth 5.2 em

Number of Detectors TR

Dictector Mudel Number — [RS P ROTS 106
Xetector Active Tength Them

"He Pressure | O atm

Sample Chanber Dhareter | 19 cm

Sampic Chamber Hetght [T5 em

(1 em wath Gie detector i plice)

Cadmium Liner No 7 ) ]
[Traphie in End Pl Vs

(Tuble . Recommenled Sethogs

Migh Vulage TV

Gate Lenpth o4 i ]

Tre Diclay R

used for 4-atm 3He proportional counters. We used a
threshold adjustment for the AMPTEK preamplifiers that
provided a count rate at 1250 v equal to 1% of the count rate
at 1780 V. Table 2 lists re commended settirgs for the high
voltage and shift-register coincidence electronics.

The performance charactenistics of the INVS Mudel 1V,
as measured with small 252Cf sources, are sumnzarized in
Table 1.

4. USES OF 111 CQUNTER

The INVYS Model IV measurement head was designed to
be readily adaptanle 1o & variety of applications. Four will be
discussed.

Mcasurement of Samples Inaide a Glove Hox

The INVS counter may be nsed to measure samples
inside a glove box without the requoement of bagging oat A
cylindncal sampie well eatension £y the Hoar of the glove
box extends down int the sirple cavity. The sample holder
and top end plug are within the glove box, the rest of the
measurement head is ontside of the glove box. The INVS
has been used in this way ut the amtomated MOX fuel fabn
cation facility, PEPE. in Japan Operators megsure small
samples of MOX powder and tuel pellers by the INVES wirh
out bagging out the samples.

Attainment of High Accuracy and Precision

The new INVS design provides measureimnenr results of
high accuracy and precision, The lgh neutton derecnion
ctficiency provedes better precision by providing betie,
counting, sttistics. The mimmal effect of changing: the sim
ple position within the mcasurement chammber provides better
accuracy by providing a Datter axial response 'wo hield
micasutement campatgns have recemly evaluated the INVS
Muddel 1V performance wath well charactenized reference
malerals, Accuracies of 0 5% were achieved at both facily
ties m reascuable coum tmes. The Lugest measurement
uncertinty n these vesults came Innn the counting stilistics

The evaluation in support of the On Site Lahoratontes
used low burnup plutonnm samples and - unting innes of
approxinuely 12 hours /9 The plutonium masses 1oped
rom 0.5 1o S g Stuistical Tdters were used o elmmate
comcidence bursts from electneal nose, costine ray spalla
tons, and 1oom background, Accuracies of one w two
tenths of a pereent were docutnented. Measurements with
2 h count nmes on the Luger masses demonsiated it
vies ol O 8%

The evaluanon st TRC Tepra was pant of an TAEA phys
cal inventony venlication waming exercise /6/ Vhe sanples
were gh bunap pluoninm powder, onsed osade (NOXM
pellery and MOX powders The sample masses tae the plo
tonm oxide amd MOX powders were B0 The pellens were
satles typaeally 2o 0 g Connt tiimes vined from: 300 1o
1200+ A dew samples were counted duning the hinch
breaks for WK o 00 s Tl percent acontacies were



documented for the powder samples. Longer count times
and statistical tiltering of the data would improve the results,
This evaluation also demuonstrated the imponance of sample
posilioning for improving measurement accuracy.
Differences in geometry between pellets and powder and
differences in the containers both impacted the accuracy of
the measurement results. The presence of HEU in some of
the MOX items caused a measurable bias because of sample
multiplication.

Simultancous Measurement of Isotopics and 230Py Effective
Mass

We combine tradinonal neutron coincidence measure-
ments with knowledge of the plutonium isotopics 1o calculate
the plutonium mass from the measured neutron count rates.
The INVS Model 1V can be outfitted with a bortom end plug
that allows the insertion of a germunium detector into the
sample cavity. A customized germanium detector is used to
minimize the etfects on the neutron counting, Tin filters were
used for the germanium detector because the use of cadmium
would impact the neutron detector efficiency. The hottom of
the sample holder is raised 4.13 ¢m when the germanium
detector is in position. This configuration allows simultine -
ous measurement of the passive gamma-ray signul and the
passive neutron signal The sample plutonium mass can be
determined from this measurement configuration alone.

We are presently evaluating the performance of the
combined INVS and 1sotopics system at Los Alamos, The
addition of the germanium counter does not have a signift-
cint effect on the accuracy of the INVS neutron measure-
ments. The neutron detection elticiency s decreased 0.2%
by the gemnmanium detector “Table IV lists preliminary results
for measurements on six samples.

Tabic 1V, Isotopics Measurement Results
Sample ID] fraction 24Py effecuve
known measured
PIDIE 1 00605 T 0.0608 + O.D0TR 000 «
[TTOIT Y 1362 0.7 F O0.012 TN »
Mg 02377 0.0 T O.00 ann s

Counl time

[TIDI 7 03600 X0 0077 NIV
G RT T 0. 1307 LAEVARKIN IR ERLLE
QT ol | DR0R T 0.XM08 7 0.00v TNV ~

Count hunes of TOO0O 10 3000« allow us to measure the
traction of 1Py effective with an uncertainty of 1w V%,
We expedt that larger samples wall be measured waith an
uncertainty of approsntely 0.5% m an hour.

I'stimation ¢4 the (r, n) Rate

Samiple multiphicanon i gencrally neghgible for smali
samples af plotonnnm Consequently the mualuphicatnon cor
rection s not generally used for INVS data reducnon. The
INVS Maodel 1V can be used o measme the M0 effecuve
mnss and the (1, n) newtron e tor these non muluplyimy,
sanples. Thas measured alpha value can then be used tog the
bulk itens thin are tepresented by the small samiple i the
INVS vounter The bulk ttems could be measuted using
exrding eguapment and the known alpha analvsis method

v,
he neunon comenlence count e determme s the 908y
cltiecnve missy Yo nonmaltiplviyg samiples, the comg rdence

count rate can be combined with the total neutron count rate
to provide an estimate of a. the ratio of the («, n) and spon-
taneous fission rates. Since changes in the neutron energy
alfect the neutron detection efficiency. the INVS Model 1V
can read the e detector rings separately. The ratio of the
inner 1o outer total neutron count rates can be used to provide
an efficiency correction tor the (., n) neutrons that generally
differ in energy from the fission neutrons. This method of
estimating @ requires an accurite totals measurement, which
implies an accurate value for the background rate. This
method is being evaluated at Los Alamos with impure sam-
ples of PuQ>.

SUMMARY

The measurement goal of high accuracy has been
achieved. Two different field evaluations have demonstrated
haif-percent or better results tor the neutron coincidence
counting of small samples. Both on-site laboratory use and
inspectors with portable equipment can take advantage of
this improvement in the technique. The addition of the 1s0-
topics capahility will make the INVS less portable, but tor
some applications the high-resolution gamma-ray spectrome-
try hardware is available at the mspection site. The abnlity to
count the gamma-ray and neutron signals simultancously is
attractive to inspectors.

The glove-box installation of the INVS 18 being used
tfrequently. It has the advantage of reducing the sample
handling by personnel and reducing the waste generated by
the bag out procedure. The increased interest in nimmizing,
mixed waste should help direct more attention o the INVS
Muadel 1V as a potenual measurement wechmque.
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